INTRODUCTION {#sec1-1}
============

Dental professionals are exposed to a great variety of microorganisms present in the blood and saliva of patients. Preventing the occurrence of cross-infection in the dental clinic is mandatory for the patient care in dentistry. The use of effective infection control procedures prevents cross-contamination in between patients and the work team.\[[@ref1]\]

Dental clinics ought to maintain a high level of infection control to protect both patients and professionals. Among the advice on prevent cross-infecction was included usage of mechanical barriers on tips of photoactivation units, which are in direct contact with oral cavity tissues and fluids.\[[@ref2][@ref3]\]

The contamination of the tips of curing units is common after the clinical use.\[[@ref4]\] With the proven concern of occupational risk and resistance of both hepatitis B virus and acquired immunodeficiency syndrome virus (human immunodeficiency virus), it is the responsibility of the dentist to observe and implement measures to prevent cross infection, and the use of mechanical barriers to cover areas and peripherals devices in the offices should be considered.\[[@ref3]\]

The use of disposable and translucent impermeable barriers, such as polyvinyl chloride (PVC) film, on dental equipment and on the tips of light-curing units, as part of the work surface and environment care, to reduce cross-contamination is recommended.\[[@ref2][@ref3][@ref4][@ref5]\]

The tip of light-curing units is one of the critical sites in the dental office. Autoclavable tips guarantee sterility, yet autoclaving can cause a reduction in the capacity of the tip to transmit light to the tooth, losing 50% of its original value, after three autoclaving cycles.\[[@ref6]\]

The use of a protective barrier can offer a low-cost and an efficient alternative for preventing the transmission of diseases. However, care must be taken, such as the measuring of light intensity (LI), when employing barriers.\[[@ref7][@ref8]\]

Incomplete polymerization can be attributed to insufficient light penetration; duration of light exposure; distance between light source and the surface of the composite resin; direction of the light; condition of the light-curing unit; and possibly, the critical value of LI that devices must emit during polymerization.\[[@ref9][@ref10]\] Furthermore, the type of the curing units (Light emitting diode or halogen) can affect the depth of cure of dental composites.\[[@ref11]\] On the other side, the curing time and different polymerization modes don't affect the effectiveness of cure, since the time recommended by manufacturers had been used.\[[@ref12]\]

The presence of non-polymerized or partially polymerized restorative material could result in the reduction of mechanical properties and dimensional stability, as well as marginal microleakage, recurrent caries, fractures, and poor marginal adaptation of the restoration.\[[@ref13]\]

Since questions have been raised about the use of protective barriers placed on the light-curing units tips and the possibility of interference with the ability of guaranteeing an effective polymerization of composite resins, this study was conducted to evaluate the cure depth of a microhybrid composite resin, A2 and A4 shades, using different types, and usage methods of infection control mechanical barriers on light-curing unit tips. The null hypothesis to be tested in this study was that none of the types of mechanical barriers used on light-curing device tips for controlling cross-infection have a significant effect on the suitable polymerization of composite resins, irrespective of resin shade used.

MATERIALS AND METHODS {#sec1-2}
=====================

The irradiance (mW/cm^2^) of the unit was measured using a manual radiometer (Curing radiometer, Demetron/Kerr, Danbury, CT, USA). Ten measurements for each group were performed, before (control group) and after placing each type of protection barrier used for controlling cross-infection, and the average of the ten values became the representative value for the LI group.

Measurement of curing depth of a composite resin (TPH™ Spectrum Universal Restorer, Dentsply, Petrópolis, RJ, Brasil-shade A2 and A4), whose organic matrix is composed of bisphenol A diglycidylmethacrylate (Bis-GMA), urethane dimethacrylate (UDMA) and ethoxylated bisphenol A glycol dimethacrylate (Bis-EMA), and inorganic matrix composed of zirconia/silica (0.01 μm and 3.5 μm), with an average size of 0.6 μm, representing 60% of the volume, was performed.

One hundred samples were produced using a nylon matrix (6 mm in diameter by 6 mm in height) and distributed randomly into ten groups (*n* = 10). Composite resin was inserted on bulk into matrix, interposed between two polyester strips (K-Dent Quimidrol, Joinville, Santa Catarina-Brazil) and covered with a glass slide. A 500 g weight was maintained for 30 s upon these items, avoiding the formation of dispersion layer and air bubbles, aside from promoting standardization and a smooth surface finish on both sides of the samples.

Quartz tungsten halogen lamp unit (Optilux 401 Demetron/Kerr, Danburg, Connecticut, United States of America -- 600 mW/cm^2^), with low-density polyethylene or PVC film barriers, smooth or folded on light tip \[[Figure 1](#F1){ref-type="fig"}\], was used to irradiate the samples for 40 s, using the conventional continuous method. After activation, the specimens were immediately removed from the molds and the uncured material scraped away with a plastic spatula.

![Types of cross infection control barriers tested and placing methods: (a) Smooth low density polyethylene; (b) Smooth polyvinylchloride; (c) Low density polyethylene with folds; and (d) Polyvinylchloride with folds](JCD-16-224-g001){#F1}

The non-polymerized resin was carefully removed from the non-irradiated surface (bottom) using a plastic spatula and the difference between initial thickness and thickness after scraping were measured by a micrometer, accurate to 0.01 mm, in three places and an average length was obtained. The difference between initial thickness and thickness after scraping was divided by two to obtain the depth of cure according to ISO 4049-2000.\[[@ref14]\] Average values and standard deviations were calculated for the ISO depth cure for each material and shade.

The data were analyzed using Student\'s *t*-test or one-way factorial analysis of variance (ANOVA) with Tukey\'s test for pairwise comparisons between the means at the 95% confidence level. SPSS software, version 15.0 (SPSS, Chicago, IL, USA) was used for all statistical analyses.

RESULTS {#sec1-3}
=======

The average cure depth values of each group are demonstrated in [Table 1](#T1){ref-type="table"}. These values were higher than those recommended by ISO 4049\[[@ref14]\] standard for cure depth, whose quotient must be higher than 1.5 mm when each value is divided by two.

###### 

Average cure depth values (mm)±SD of resins tested, for each group (*n*=10), according to different cross infection control barriers and placement methods

![](JCD-16-224-g002)

Comparing the groups of the A2 shade composite resin, there was no statistically significant difference (*P* \> 0.05) between smooth PVC film (PVCS), PVC film with folds (PVCF) and smooth low density polyethylene (PS) groups. Between groups from A4 shade composite resin was recorded statistically lower (*P* \< 0.05) cure depth values in folded barriers groups (PVCF and low density polyethylene with folds \[PF\]) than the no barrier (WB), PVCS, and PS groups.

When the groups with the same type of barrier and different shades of composite resin were observed, A4 shade groups showed significantly lower values of cure depth than the others A2 shade groups (*P* \< 0.05).

The [Figure 2](#F2){ref-type="fig"} shows reduction in LI after placement of different mechanical barriers. A one-way ANOVA was applied to the results to determine the effect of the different mechanical barriers on LI of light-curing device and showed that there was statistically significant difference (*P* \< 0.05) among PVCF and PF groups when compared to the WB, PVCS, and PS groups \[[Table 2](#T2){ref-type="table"}\].

![Mean light intensity values after cross infection control barriers placement. WB, No barrier; PVCS, Smooth PVC film; PVCF, PVC film with folds; PS, Smooth low density polyethylene; PF, Low density polyethylene with folds. ANOVA with Tukey\'s test showed significant difference (*P*\< 0.05) among both with and without folds groups](JCD-16-224-g003){#F2}

###### 

Mean power density and percent reduction in power density for control (no barrier) and different cross infection control barriers and placement methods

![](JCD-16-224-g004)

DISCUSSION {#sec1-4}
==========

In the present study, curing effectiveness was measured indirectly according to the ISO standard scrape test. Appropriate depth of cure is considered essential to achieve high physical properties of composite resin materials.

Mechanical barriers, which protects surfaces are an efficient means of controlling cross-infection and ought to be employed as often as possible.\[[@ref3][@ref5][@ref15]\] This permits suggesting of the use of mechanical barriers on the tips of light-curing units as an alternative for infection control, since sterilizing these tips between patients results in the loss of LI.\[[@ref6]\]

This perspective could cause uncertainties for dental professionals, since it is difficult to identify, visually, to what extent the LI can be reduced without compromising the cure depth of composite resins and/or reducing the physical and biological properties of these materials.\[[@ref16]\]

Warren *et al*.\[[@ref7]\] support that barriers are effective in controlling cross-infection, but should only be used after verifying that the LI is adequate.

Previous studies have shown that LI emitted from light-curing units is influenced by many factors, such as fluctuation in the voltage line, the condition maintenance of bulb and filter, depositing of composite resin on the tip of the device, and fractures in the fiber optic unit.\[[@ref17][@ref18][@ref19]\] However, there is no concern observed among dental professionals about the possible interference of protective barriers on the polymerization of dental composites. Such attitudes should to be abolished and the scraping test should be encouraged amongst clinicians, since the procedure is simple and can be easily executed in the clinic.

In this study, it was possible to observe that protective barriers used on the tip of light-curing sources did not offer severe alterations in the LI, thus, agreeing with reports from Scott *et al*.\[[@ref20]\] However, when the barriers contained folds at the site from which the light was emitted, there was a significant reduction in the LI, which could lead to an inadequate degree of polymerization when the equipment used to emit light at the minimum recommended limit of 400 mW/cm.\[[@ref2][@ref9]\] This reinforces the necessity of professionals to constantly observe the correct application of these barriers and the LI of the equipment that is being used. In the present study, light source, LI and composite were standardized in order to relate the polymerization depth strictly to the cross infection control barriers.

Among the other problems, associated with inadequate polymerization are inferior mechanical properties, insufficient retention of the resin to the dental substrate, higher degradation within the oral environment, aside from the presence of non-polymerized monomer in the resin, which could leak into the pulp and cause adverse responses due to its toxicity.\[[@ref21]\]

Insufficient polymerization of the composite resin is responsible for the increase of water absorption, staining, reduction of surface hardness, recurrent caries, which can lead to the failure of the restoration.\[[@ref9][@ref13][@ref20]\]

Another relevant aspect is in relation to the shade of the composite resin. Darker shades result in a lesser cure depth when compared to lighter shades.\[[@ref10]\] The results of this study confirm this affirmation, because the average values of cure depth registered showed that the A2 shade of composite resin obtain higher values than that of the A4 shade. However, even with the use of barriers, they still remained within the clinical parameter considered for adequate polymerization, which establishes 2 mm as the maximum thickness for each increment.\[[@ref22]\]

This study evaluated the same brand of resin composite, which is a limitation with the respect to generalizing the results. However, the aim was to show what\'s happens to the depth of cure when use mechanical protective barriers to control infection on the tip of the curing-light units.

The results of present study showed that both low-density polyethylene and PVC film barriers with folds on light tip produced a significant reduction in LI from the light-curing unit, acting as a light filter and consequently, diminishing the polymerization potential of composite resins. However, this reduction is not sufficient to produce adverse effects on the clinical performance of the material, seeing that in all of the groups the cure depth values were all superior to 2 mm.

Placement of disposable smooth barriers over the end of the light guide resulted in slight reduction in power density of light sources, therefore, it can be recommended for use in dental clinical practice.
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